As obesity has increased, so has arm circumference, especially to greater than 33 cm. This increasing prevalence creates unique demands for clinicians caring for obese persons across the lifespan in all practice settings. Even basic assessment techniques such as measurement of blood pressure are challenging. [4] [5] [6] Accuracy of blood pressure measurement is contingent on many factors, including correct cuff size and location of measurement. 7 According to the American Heart Association (AHA 8 ; Table 1 ), ideal cuffs have bladder widths at least 40% and lengths 80% of midarm circumference (length to width ratio of 2:1). Therefore, cuff bladders must get longer and wider as arm circumference increases; otherwise mismatching may occur. The most common mismatch is using small or short cuffs (bladder too small). 9 Such "undercuffing" leads to overestimates of systolic blood pressure (SBP) and diastolic blood pressure (DBP; range of error, 2.4-30 mm Hg), resulting in erroneous classification of patients as hypertensive, leading to unnecessary therapy. [8] [9] [10] A regular feature of the American Journal of Critical Care, Clinical Evidence Review unveils available scientific evidence to answer questions faced in contemporary clinical practice. It is intended to support, refute, or shed light on health care practices where little evidence exists. To send an eLetter or to contribute to an online discussion about this article, visit www.ajcconline.org and click "Respond to This Article" on either the full-text or PDF view of the article. We welcome letters regarding this feature and encourage the submission of questions for future review.
In addition to arm circumference, researchers in a recent study determined that upper arms are troncoconical in shape (obese or not). 11 Differences between proximal and distal upper arm circumference ranged from 1 to 20 cm, with a mean of 8.7 cm. Although sex and degree of obesity influenced shape, arm circumference was the factor that most significantly influenced conicity index. Increased conicity associated with obesity (or muscularity) can result in poor cuff fit. 12 To complicate matters more, obese patients of small stature may have short upper arms. 10 Thus, if cuffs that are too wide are used (bladders too large), arm length poses a problem. Although thigh cuffs may be the best fit for the arm circumference, the distal cuff end will be too long, extending past the elbow/antecubital fossa. This situation results in "overcuffing," which b Use appropriate-sized cuff for children with large upper arms according to these measurements.
McFarlane
10 points out that these cuffs do not meet the bladder size standard because only the outside cuff material is extra long. Indeed, Watson et al 20 reported that extra-long cuffs used on the upper arm in patients with large arm circumferences were associated with significantly higher SBP (compared with standard cuffs). In an unpublished study, McFarlane compared blood pressure measurements obtained in the forearm and upper arm using extralong versus appropriately-sized cuffs in patients with BMIs of 36 to 40. 10 Blood pressure was overestimated with the extra long cuff. Additionally, forearm blood pressure was closer to values obtained with a properly sized cuff on the upper arm (vs measurements with extra long cuffs).
Consequently, the forearm should be used when cuffs cannot be fitted correctly because upper arm circumferences are greater than 50 cm, or conical arms do not permit cuffs to wrap straight across the arm. To assess blood pressure at the forearm, use a standard adult cuff (wrists are more consistently cylindrical even in obese persons) centered between the elbow and wrist. Support the forearm at the level of the heart and (1) palpate the radial artery; (2) listen to sounds over the radial artery; or (3) use a Doppler probe, oscillometric device (with hoses exiting over radial artery), or validated wrist monitor. 7, 8, 18 When assessing blood pressure at alternative locations, it is essential to recognize that blood pressure varies appreciably in different parts of the arterial system, with SBP increasing in more distal arteries and DBP decreasinig. 23 Thus, because measurements of blood pressure in the forearm generally yield overestimates of SBP, DBP, and mean arterial pressure (MAP) compared with the upper arm (reported variances, 2.3-27 mm Hg), 10, 14, [19] [20] [21] 24, 25 it is important to decide what discrepancy is clinically acceptable. 10, 14, 20 As McFarlane 10 described, a difference of ±5 mm Hg (standard deviation ≤8 mm Hg) is the standard used by the International Standards Organization and manufacturers that test noninvasive devices for measuring blood pressure against mercury sphygmo manometers.
Other considerations in blood pressure measurement may also come into play. Blood pressure should not be measured on the upper arm on the same surgical side as a mastectomy to prevent lymphedema, or when an arteriovenous shunt/fistula or vascular access device is present. Thus, depending on the clinical situation, blood pressure in obese persons may need to be evaluated at the calf or thigh by using an appropriately sized cuff for the extremity. The lower edge of the cuff should be positioned 2.5 cm above the malleoli (calf) or 2 to 3 cm above the popliteal fossa (thigh). 7 In conclusion, consistent use of methods for measuring blood pressure is imperative for accurate yields a false underestimate of blood pressure (range of error, 10-30 mm Hg). 9, 10 These anatomic challenges and the many cuff choices are compounded by the potential lack of consistent use of a particular cuff size between clinicians, further reducing the reliability of blood pressure values that guide critical treatment decisions. As a result, the following PICO (population, intervention, control, and outcomes) question was chosen for this clinical review: What is the most accurate method of assessing blood pressure in obese persons?
Method
A search of the MEDLINE and CINAHL databases, limited to the past 10 years, was conducted with the following search terms: obese, overweight, blood pressure monitoring, cuff size, and conical shaped.
Results
Eleven observational studies were retrieved (Table 2) . In 2 studies, 11, 13 cuff types were compared (standard vs large, rigid cylindrical vs conical); in 3 studies, 4, 17, 21 blood pressure measurements obtained via direct intra-arterial vs ausculatory/oscillometric techniques were compared; and in 6 studies, [14] [15] [16] [18] [19] [20] blood pressure measurements obtained from the upper arm versus the forearm were compared.
Recommendations for Practice
Existing evidence on blood pressure assessment in obese persons is at level C (Table 3) . Not surprisingly, current evidence suggests that when vital decisions are required in the treatment of critically ill obese patients, direct intra-arterial measurement of blood pressure should be used instead of ausculatory/oscillometric techniques, which are associated with significant error. 4, 17 A second recommendation relates to matching cuffs with the size and shape of the upper arm. Preferably on admission, clinicians should measure the arm circumference midway between the shoulder and elbow and evaluate the shape of the upper arm. Based on size and shape dimensions, an appropriately sized cuff as closely aligned to the AHA's guidelines as possible should be selected. This assessment is essential as evidence shows that standard cuffs yield overestimates of blood pressure in obese persons 13 compared with larger appropriately sized cuffs. Although the AHA recommends long cuffs with large arm circumferences and short upper arms, assessment and treatment of obese patients. 7 Once a method has been established for each individual patient, the specifics for blood pressure assessment must be communicated across the care team, including cuff size and location. This communication is critical to ensure that clinicians on different shifts Forearm measurements were overestimates of SBP and DBP by 4 and 2.3 mm Hg, respectively Larger UA-forearm BP differences in men, older persons, smokers, and BMI (SBP and DBP differences 5.9 and 5.7, respectively, for BMI > 30) 
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Abbreviations: AC, arm circumference; BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); BP, blood pressure; CI, conicity index; DBP, diastolic blood pressure; HOB, head of bed; MAP, mean arterial pressure; PACU-post-anesthesia recovery unit; SBP, systolic blood pressure; UA, upper arm.
Results
or in different units or departments use similar techniques and thus reduce potential variations that can be introduced when various sizes of blood pressure cuffs or various locations are used.
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